Introduction
Methods and Materials Escherichia coli 0157:H7 is an important cause of nonbloody diarrhea, bloody diarrhea, and hemolytic uremic syndrome.' This serotype of E. coli differs from most in that it ferments sorbitol slowly or not at all.' Clinical laboratories can therefore screen stool specimens for this pathogen by plating them on sorbitol-MacConkey agar.3
Confirmation of E. coli 01 57:H7 infections by local laboratories in Washington State enabled public health officials there to identify an outbreak in January 1993 and to implicate hamburgers from a particular fast food chain (chain A). Health officials issued a press release on January 18, and the outbreak received widespread national media attention. ' Ultimately, 501 cases were identified in that state, with 45 cases of hemolytic uremic syndrome and 3 deaths.6
Although E. coli 0157:H7 infection was also reportable in Nevada, no cases were reported there during this period. On January 21, 1993, however, a pediatrician caring for a 4-year-old girl with hemolytic uremic syndrome contacted the Clark County (Las Vegas) Health District. According to her mother. the child had recently eaten at a Las Vegas area chain A restaurant. Clark County health officials learned that chain A was in the process of recalling hamburgers from its Las Vegas franchises. On January 22, the health distnrct issued a press release, naming chain A but requesting notification of all cases of bloody diarrhea. The health district was flooded with calls and began an investigation into the magnitude and cause of the outbreak.
Caise Definiitioni
A case was defined as either hemolytic uremic syndrome or bloody diarrhea (defined as three or more loose stools in a 24-hour period with visible blood in the stool), with onset between December 1, 1992, and February 7. 1993, in a person who had been in Las Vegas during this interval. Persons from whom a pathogen other than the outbreak strain of E. coli 0157:H7 was isolated were excluded.
Case Finidinig
We These individuals and other persons who called the health district were questioned about symptoms. People who reported bloody diarrhea were interviewed by telephone with a standard questionnaire about potential exposures, including eating at any of eight specified fast food hamburger chains in Las Vegas. Persons who ate at a chain A restaurant were asked about specific food items eaten, and ill persons were asked to provide names of meal companions.
Case-Control Study
Meal companions of persons with bloody diarrhea who ate at chain A were interviewed by telephone about specific food items eaten. Potential control subjects who reported nonbloody diarrhea, nausea, vomiting, abdominal cramps, or fever were excluded from analysis. Food exposures for patients and their symptomfree meal companions were compared, and matched odds ratios (ORs) with 95% confidence intervals (CIs) were calculated by conditional logistic regression. EX-ACT computer software was used in conducting regression analyses.7 Twotailed Fisher's exact P values of less than .05 were considered significant. The Mann-Whitney U test was used to compare dates of regular and jumbo hamburger consumption; among two clusters of illness for meal companions, only the first case in each cluster was included.
Laboratory Studies
Two commercial laboratories tested all stools sent for bacterial culture from Las Vegas area hospitals. We asked microbiologists at these laboratories about standard procedures and about requests for E. coli 0157:H7 culture.
We requested stool specimens of all ill persons and meal companions. Specimens were cultured on sorbitol-MacConkey agar, and at least three sorbitolnegative colonies were selected from each plate and tested for 0157 antigen by means of a latex agglutination reagent (Pro-Lab Diagnostics, Ontario, Canada);3 agglutinating isolates were confirmed as E. coli 0157:H7 via standard biochemical and serologic methods. 8 We cultured frozen hamburger patties recalled from chain A restaurants in Nevada, Washington, and Southern California using methods previously described. 9 Antibiotic susceptibility was tested by disk diffusion.'0 Shiga-like toxin types were determined with oligonucleotide DNA probes." E. coli 0157:H7 isolates were subtyped by pulsed-field gel electrophoresis, as described previously.'2 Restaurant Investigation
The health district reviewed lot numbers of unused, frozen chain A hamburger patties in Las Vegas, compared them with culture results of lots recalled from restaurants in Washington and Southern California, and ensured the recall of implicated lots from Las Vegas restaurants.
Chain A officials demonstrated their standard hamburger cooking procedures. Temperature probes were obtained from health district sanitarians. Grill temperatures were measured with a calibrated surface probe (type K thermocouple model 98221-K; Omega Engineering Inc, Stamford, Conn) before hamburgers were cooked. Internal temperatures were measured via a calibrated probe (type K bead-tip thermocouple; Electronic Controls Design Inc, Milwaukie, Ore) in the center and in four quadrants of each hamburger.
Hamburger Meat Trace Back
We visited and assessed operations at the plant where all chain A hamburger patties distributed to West Coast restaurants were produced. We observed meat handling practices, examined quality control records, and reviewed plant records to determine the origin and distribution of implicated production lots.
Results
Sixty-one persons with either bloody diarrhea or hemolytic uremic syndrome were identified. Three of these individuals were excluded because other pathogens were cultured from their stools. Of the remaining 58, 47 (81%) initially contacted the health district themselves, 7 (12%) were reported by medical personnel, 2 (3%) were found because they ate a meal at chain A with another patient, 1 (2%) was referred by a friend, and 1 (2%) was found during a telephone search for healthy community control subjects. The dates of symptom onset are shown in Figure 1 .
Thirty (52%) of the 58 patients were female. The median age was 31 years (range = 10 months to 83 years). All patients reported bloody diarrhea. Other common symptoms included abdominal cramps (reported by 95%), nausea (82%), subjective fever (81%), headache (72%), and vomiting (67%). Thirty-two patients (55%) sought medical attention, 9 (16%) were hospitalized, and 3 (5%) developed hemolytic uremic syndrome.
Overall, 54 (93%) of the 58 patients reported eating at chain A in the week before onset. Each of the 14 Las Vegas area chain A restaurants was named by at least 1 patient. One outlet was named by 9 patients, including 5 of the 9 hospitalized patients, all 3 patients with hemolytic uremic syndrome, and the 1 cultureconfirmed patient.
Case-Control Study
Of 43 meal companions named by patients, 35 were located. Of these individuals, 2 (6%) met the case definition and another 18 (51%) were excluded because they had had at least one of the following symptoms since December 1, 1992: nonbloody diarrhea (n = 14), nausea (n = 13), vomiting (n = 6), abdominal cramps (n = 14), or subjective fever (n = 8). The 15 remaining control subjects were matched with their 10 ill meal companions (there were 1 to 3 control subjects per case).
Only consumption of a regular hamburger was significantly associated with illness (matched OR = 9.0, 95% CI = 1.02, 433.4; P = .046). Of the 52 patients who could recall whether or not they had eaten a chain A (71%) recalled having done so. After regular hamburger eaters had been excluded, no case-control sets discordant for jumbo hamburger consumption remained for analysis, and jumbo hamburger eaters were therefore not implicated statistically. However, among those who ate at chain A but did not eat a regular hamburger, 12 (80%) of 15 ill persons, but only 2 (17%) of 12 control subjects, ate a jumbo hamburger. Figure 2 shows the date of the implicated meal for those patients who reported eating either only regular hamburgers or only jumbo hamburgers. Patients who ate only jumbo hamburgers tended to have eaten later in the outbreak than those who ate only regular hamburgers (P = .01; Mann-Whitney U test).
Laboratory Studies
Stool specimens were collected from 14 patients by their health care providers. Of the two commercial laboratories in Las Vegas that cultured specimens, one had no sorbitol-MacConkey agar until January 27, when the outbreak was essentially over. The other laboratory tested for E. coli 0157:H7 on physician request only; this laboratory received no such request in December 1992 and only one in January 1993. That specimen was obtained at a Las Vegas hospital 19 days after the patient developed diarrhea, and it was not plated on sorbitol-MacConkey agar at the hospital; instead, one colony was selected from a nonselective medium and sent to the commercial laboratory, where it proved not to be 0157. Hence, none of the specimens from the 14 patients tested at Las Vegas laboratories were processed properly for isolation of E. coli 0157:H7.
During the investigation that followed the outbreak, specimens from 32 persons with bloody diarrhea were collected by the health district and cultured at either the state laboratory or the Centers for Disease Control and Prevention; all specimens were tested on sorbitol-MacConkey agar for E. coli 0157:H7, and 18 were also tested for Salmonella, Shigella, Yersinia, and Campylobacter. Specimens from 4 persons yielded enteric pathogens: Y enterocolitica (1 person), S. sonnei (1 person), and E. coli 0157:H7 (2 persons). One of the E. coli isolates differed from the Washington State outbreak strain by toxin type and pulsed-field gel electrophoresis pattem. The other isolate was indistinguishable from the Washington strain and from hamburger isolates by antimicrobial susceptibility profile, toxin type, and pulsed-field gel electrophoresis. This specimen was collected by a physician's assistant on February 12, 38 days after the patient became ill and 31 days after his symptoms had resolved.
Specimens from the remaining 28 patients yielded no bacterial pathogen. Among the 27 of these patients who ate at chain A and had negative cultures, the first stool specimen was obtained a median of 16.5 days (range = 6 to 57 days) after onset of illness. E. coli 0157:H7 was isolated from frozen hamburger patties from 11 production lots: lots 4 and 9 through 17 of regular patties produced on November 19, 1992, and lot 7 of jumbo patties produced on November 20, 1992. These isolates of E. coli 0157:H7 produced Shiga-like toxins I and II, and they were indistinguishable from each other and from the Las Vegas and Washington State clinical isolates by antibiogram and pulsed-field gel electrophoresis.
Restaurant Investigation
Hamburgers recovered from Las Vegas chain A restaurants during the January 22, 1993, recall included regular hamburgers produced on November 19, 1992 (lots 1, 2, 6, and 12), and jumbo hamburgers produced on November 20, 1992 (lot 6).
Before the outbreak was recognized, regular (0.1 lb [0.04 kg]) frozen hamburgers were cooked on a 191PC (375°F) grill for 2 minutes (1 minute per side). As the outbreak unfolded, chain A began cooking regular hamburgers for 2.5 minutes after "searing" (flattening the hamburger onto the grill with a metal press in an attempt to reduce cupping of the hamburger). A final flip of the hamburger was also added to cook any pink juices that might have surfaced. Before the outbreak was recognized, there were two procedures for cooking jumbo (0.25 lb [0.1 kg]) hamburgers: cooking for 2 minutes, covered with a hot metal press, or cooking uncovered for a total of 5 minutes (2.5 minutes per side). During the outbreak, the procedures were changed to 2.5 minutes with the press and 5.5 minutes without the press, both with an initial sear, along with a final flip.
Grill temperatures at the Nevada restaurant measured from 186°C to 206°C (367°F to 4020F). After seven hamburgers had been cooked according to the old methods, intemal temperatures ranged from 430C to 87°C (110°F to 1880F), with ranges within a single hamburger of as much as 29°C (53°F) (Figure 3 ); six of these hamburgers had intemal temperatures below 600C (1400F). When hamburgers were cut open after cooking, areas of pink were seen, corresponding to quadrants with temperatures of less than 600C (1400F). The newer methods with the sear procedure produced hamburgers with temperatures consistently above 680C (1550F), the revised temperature recommended by the US Food and Drug Administration, and they appeared to reduce temperature variation within hamburgers (Figure 3) which the outbreak strain of E. coli 0157:H7 was recovered. However, meat from one supplier was used in regular hamburger patty lots 9 through 17 produced on November 19, 1992 . Meat left over from the production of those lots was then used the following day, November 20, in several jumbo hamburger lots, including contaminated lot 7. Thus, one supplier could have accounted for 10 of the 11 contaminated lots. Of regular hamburger patties produced on November 19, 1992, with meat from the suspect supplier, 697 boxes (400 patties per box) from suspect lots 9 through 12, 16, and 17 were delivered to the distribution center that served Southern California and Las Vegas. Only 42 (6%) of these boxes were recovered, suggesting that hamburgers in the other 655 boxes had already been served to customers.
Of jumbo hamburger patties produced on November 20, 1992, with meat from the suspect supplier, 1267 boxes (168 patties per box) from suspect lots 1 through 4 and 7 through 10 were delivered to the distribution center that served Southern California and Las Vegas. No boxes of jumbo hamburger patties produced on November 20 with meat from the suspect supplier were delivered to the distribution center that served Washington and Idaho.
Discussion
At least 58 persons became ill with bloody diarrhea in Las Vegas, Nev, in December 1992 and January 1993; 3 of these individuals developed hemolytic uremic syndrome. As in the concurrent Washington State outbreak, epidemiologic evidence strongly implicated consumption of regular (0.1 lb) hamburgers at fast food chain A.6 E. coli 0157:H7, indistinguishable from the Washington outbreak strain by pulsed-field gel electrophoresis, was isolated from one patient in Las Vegas, and contaminated hamburger lots had been served in Las Vegas restaurants at the time of the outbreak.
Chain A cooking procedures at the time of the outbreak were frequently inadequate to kill E. coli 0157:H7.14 The hamburgers were obviously cooked quite unevenly, as demonstrated by the variability oftemperatures recorded within a single hamburger ( Figure 3) ; this indicates the difficulty in cooking hamburgers adequately to kill pathogens.
It is likely that our case definition's requirement of grossly bloody diarrhea excluded many infected persons. Of 33 meal companions who did not meet the case definition, 14 (42%) had had nonbloody diarrhea during the outbreak period, and at least some of these individuals may have been infected as well. In a large outbreak of E. coli 0157:H7 infections in 1989, 65% of patients had nonbloody diarrhea. '5 Although, in retrospect, this Las Vegas cluster would rank as one of the largest E. coli 0157:H7 outbreaks investigated to date, it was recognized only in the wake of publicity about the Washington cases. Because local laboratories in Washington cultured for the organism, E. coli 0157:H7 was recovered from the stools of more than 70% of persons with bloody diarrhea during January and February 199316; for the 193 reported case patients in Washington who became ill before the public announcement on January 18, the median interval between onset of symptoms and culture for E. coli 0157:H7 was 3 days (B. P. Bell, unpublished 1993 data). By contrast, in Las Vegas, no local laboratory routinely looked for this pathogen in stool specimens, even when the stools were grossly bloody. Consequently, by the time public health officials could collect specimens for proper culture, a median of more than 2 weeks had elapsed since symptom onset. Because shedding of E. coli 0157:H7 decreases rapidly after illness onset,17 it is not surprising that the organism was recovered from the stool of only one Las Vegas patient. The significant dimensions of this outbreak became known only because patients called the health district in response to a press release; this illustrates the importance of alerting the public to potential outbreaks of infectious diseases.
The data strongly suggest that jumbo hamburgers were responsible for some of the illnesses in Las Vegas. Almost a quarter of ill persons reported eating only jumbo hamburgers. The different epidemic curves for illness associated with regular hamburgers and illness associated with jumbo hamburgers argue against a significant recall bias by Las Vegas respondents. These epidemiologic data were corroborated by the finding that some lots of jumbo hamburgers produced on November 20, 1992, contained meat used in the production of implicated regular hamburgers produced on the previous day. Furthermore, the outbreak strain of E. coli 0157:H7 was cultured from one of these jumbo hamburger lots. Finally, the lack of jumbo hamburger- Epidemiologists has recommended that it be made reportable in all US states and territories.'9 Although E. coli 0157:H7 infection was already reportable in Nevada, this large outbreak would not have been detected in the absence of publicity from Washington because local laboratories did not screen for the pathogen. The passive surveillance that existed at the outbreak onset was clearly inadequate. In response, Clark County Health District officials have conferred with representatives of the two major laboratories; one has since begun to screen, with sorbitol-MacConkey agar, all stools submitted for bacterial culture, and the other screens all grossly bloody stools. Reporting is further stimulated through liaison with hospital infection-control nurses and primary care physicians. Nineteen cases were reported to the health district in 1994, and another 16 were reported in 1995.
Mandatory reporting of hemolytic uremic syndrome might have brought the outbreak to light in a more timely fashion. The outbreak was ultimately discovered when a pediatrician reported a case of hemolytic uremic syndrome to the health district. However, the other two cases of hemolytic uremic syndrome (one of which occurred in late December) were voluntarily reported only after the health district's January 22 press release. State officials are currently working to make hemolytic uremic syndrome reportable in Nevada.
We recommend that all microbiology laboratories that culture stools for bacterial pathogens screen stools from persons with bloody diarrhea routinely for E. coli 0157:H7 with sorbitol-MacConkey agar and agglutination with 0157 antisera. While H type is being confirmed at a reference laboratory, the identification of E. coli 0157 should be reported to the clinician and to public health officials. Clinicians should report cases of hemolytic uremic syndrome to their local health departments as sentinel events for E. coli 0157:H7 infection. Restaurants that serve hamburgers should heed the Food and Drug Administration recommendation that all parts of hamburgers be cooked to an internal temperature of at least 68°C (155°F), and consumers should be made aware of the potential hazards of eating undercooked ground beef. D1
